The issue of the lack of reliable correlation between the characteristics of high performance cells and their intrinsic material properties is addressed in this paper.
Introduction
Improvement in the current ability to identify and quantify the mechanisms responsible for the degradation in a-Si:H based solar cells will help in guiding further improvements of their performance and stability. There have been a variety of attempts to correlate the performance of both the initial, and more recently, degraded solar cell performance with properties of the corresponding thin film materials.'" These correlations have been primarily based on results of light I-V's of solar cells and subgap absorption, measured by CPM or PDS on corresponding i-layer films which is used to characterize the densities of neutral dangling bonds. This assumes that the densities derived from these measurements are solely responsible for the recombination and electric field distributions in the cells.
The degree of success in such correlations varies from very poor, on high performance solar cells23, to those which are even able to analyze the mechanisms responsible for the kinetics of degradation4.'. This issue is further complicated by the results on the high performance cells which identify the p/i interface as being extremely important in determining both the initial as well as degraded stateszv6.
Because a wide range of interfaces may exist in solar cells which are fabricated under different conditions, with dif€erent materials or having different structures, it is not realistic to generalize on their role in either the initial cell characteristics or in the kinetics of degradation.
However, even if the effects of the interface regions are sufficient to explain the lack of correlation for the annealed state, it is unlikely that these cells are made sufficient thin so as not to depend on their bulk properties. A more plausible explanation could be that the use of just CPM and PDS to characterize the bulk material gap states is simply inadequate. Such limited characterization does not take into account the charged defect states which have been found necessary to selfconsistently analyze photoconductivities and subgap absorption in the annealed and degraded states of aSi:H7". It appears that improved and more reliable correlations require more detailed characterization of both materials and solar cells. This is in part due to the complex nature of the cells and in part to the many material parameters required in any quantitative correlations9. AS yet no reliable analysis has been Canied out on the various pi-n characteristics because of many "adjustable" parameters and the uncertainties introduced by the p/i interface regions". It is possible to fit light EV's with quite different bulk material parameters by adjusting those at the interface. The reliability of these parameters can only be established by the selfconsistent analysis of a variety of material and solar cell characteristics.
This issue is addressed by the work being reported here on solar cell structures and i-layer films deposited under the same conditions. It presents the approach taken in quantifying the relative contributions of the bulk and interface region to their annealed state and to their degradation under AM1 illumination. It involves detailed characterization of the optical absorption and gap state properties in the i-layer films using T&R, photoconductivity and subgap measurements ( in which there is no p/i interface region and it is easier to directly correlate the bulk properties with their characteristics"*'2.
Experimental Details
The Ha-SiC:H>i(a-Si:H>n(a-SkH) and n(a-Si:H> i(a-Si:H)Mi Schottky barrier cell structures were prepared in a multichaniber PECVD system with i-layer from 0 4 to -1 . 0~ thick. The pi-n cells fabricated on specular Sn02 substrates, so as not to have any optical enhancement 25th PVSC; May 13-17, 1996; Washington, D.C. effects, except for J,, had parameters close to those for similar structures reported by indust$ and the matenals were what IS commonly referred to as "device quality" The deposition conditions for these i-layers were: substrate temperature of 200°C, pressure of O.STorr, power density of 50mW/cm2, and flow of pure silane i5sccm. The n-1-Ni Schottky bamer cell structures were also deposited on specular SnOz w t h a l50A thermally evaporated semitransparent top Ni contact. The devlce areas (0.02cm') in the Schottky bamer structures were defmed by the shadow mask used in the evaporation. Same area thick (2000A) Cr contacts were evaporated onto the n-Iayers of the p i -n structures and the device areas were then defined by reactive ion etching of the n-layers not covered by the Cr. These cells were charactenzed by dark I-V, light I-V as well as QE measurements and the light degradabon was camed out by white light from an ELH lamp with intensities of AM1 to 1 OAM 1 incident through TCO
Results and Discussion
Since it is very difficult to obtain reliable information about the contributions of the bulk properties to solar cell performance fiom cells with one thickness, the light I-V, dark I-V, and QE measurements were carried out on solar cells having different thicknesses. Results of such measurements are shown in Fig. l Because there is no o p t i d enhancement, the J, values in the two cells are directly determined by their thicknesses and the optical absorption so the changes can be accurately modeled. This is not the case of the comparable cells deposited on textured TCO where the differences are much mailer and the currents cannot be reliably quantified in terms of optical absorption. However because of the many adjustable parameters that are required in the analysis of light I-V's, reasonably good fits can still be made with different material and interface parameters. It is therefore necessary to measure and selfconsistently fit other solar cell characteristics.
The results for the far forward dark I-V's are shown in Figs. 2(a) and (b) . Again it can be seen that degradation in the 0 . 4~ thick cells is significantly smaller than in the 0 . 7~ thick cell and the increased contribution of the thicker i-layer can be seen. This is also the case for the QE results, measured without light bias, which are shown in Figs. 3(a) and 3(b) experimental results and the solid lines are fits obtained with the charge defect distribution which was also used in the analysis of the thin film results. In this case the densities of charged defects increase from 5x IOi5/cm3 to 7~10'~/cm' and the neutral dangling bond defects from 5x10i5/cm3 to 1x10"/cm3. It is imprtant to note here that there is a three orders of magnitude change in the dark I-V of Fig. 4 which is more than one hundred times bigger than seen in Fig. 2(a) for the p-i-n and can still be fitted with these distributions of gap states. In addition, similar changes in dark I-V and QE Characteristics of Schottky barrier solar cell structures are observed after light soaking even with -0.4p.m thick structures. This paper describes an approach which may overcome the lack of correlation reported between the results on high performance cells in the annealed and soaked states with the corresponding properties of the intrinsic materials'.' . It takes into account both the inadequacy of characterizing the gap states only with CPM measurements as well as the complexity of such solar cells and points to the need for such studies on n+(pc Si)-i(a-Si:H)-p(pc Si). Results are presented I-V and QE measurements on different pi-n and Schottky barrier cell structures which indicate how the contributions of the bulk i-layers can be established and more reliably quantified than those just from light I-V's. Example is presented of such a quantitative correlation for a Schottky barrier cell in both the annealed and degraded states which is achieved with analysis using parameters derived from a detailed characterization of the corresponding film. Because this selfconsistantency was achieved with gap states consisting of both the neutral and charged defects, it is therefore surprising that even in the more complicated p-i-n cell Structures, using only Do states as fitting parameters, sufficiently good quantitative agreement was achieved to allow the characterization of the mechanisms responsible for degradation4,'.
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